Abstract. The research status of quick vacuum circuit breakers at home and abroad is analyzed, and the problems such as low efficiency and reliability of existing control mechanism are put forward. On this basis, a new type of 10kV quick vacuum circuit breaker of double opening and closing coil is proposed. The new vacuum circuit breaker has two sets of opening and closing coil. Each set of opening and closing coil has a separate charging capacitor circuit. When a set of opening and closing coil or charging capacitor circuit failure, resulting in one of the metal repulsion disk not moving, the other set of opening and closing coil will successfully cut off the current, thereby avoiding unnecessary losses and improving the reliability and stability of the circuit breaker.
Introduction
With the rapid development of China's national economy, the scale of the electric power system is expanding, and the load of the power grid is increasing year by year. In order to ensure the safety, reliability and excellent characteristics of the overall power supply, the circuit breaker, as an extremely important power equipment in the protection and control of the whole power system, must immediately and reliably disconnect the fault current once the power system fails. Thus preventing the failure may lead to further expansion of the scope of the accident. Therefore, the performance of the circuit breaker in the power grid will directly affect the stability of the entire power system operation and the power quality supplied to the various power users [1] [2] [3] [4] .
Spring-operated or permanent magnet operating mechanism is generally used in conventional circuit breakers. The spring-operated mechanism is mainly through the built-in spring elastic properties for energy storage, and do not need high-power DC power supply as the operating power. But the mechanical structure of the apparatus is complicated, multi-component, with the high production costs and low accuracy, which results the reliability cannot be guaranteed. The electromagnetic operating mechanism is simple in structure and reliable. However, in order to provide a large driving force, it generally equipped with a large traction electromagnet, a power supply unit, a lot of cables, and an expensive battery pack, which results a long action time and bulky structure [5] [6] [7] [8] .
In recent years, the quick circuit breakers used the eddy current electromagnetic repulsion principle which based on the high-speed repulsive operating mechanism, attracts many research scholars' attention in the field of quick vacuum circuit breakers, showing a booming trend. Adopting the electromagnetic repulsion mechanism, the structure of the quick vacuum circuit breaker is very simple. And the speed of the opening and closing is quick, takes only one-tenth time of the conventional vacuum circuit breaker when closing. Therefore, it can not only quickly switch power lines to improve the stability and the reliability of power supply system, but also to achieve phase selection operation, reducing the over-voltage and electromagnetic inrush in operation and maintenance of the power system. Especially, it can be applied in UPS power switch technology, fault current limiter equipment, phase selection switch device, which has a particularly wide range of applications in our country and the global power system areas.
Research Status of 10kV Quick Vacuum Circuit Breaker
In 1972, the concept of the eddy current electromagnetic repulsion mechanism was put forward for the first time, and excitation coil pulse discharge current is used in the mechanism, which makes the repulsion copper disk under the influence of the eddy current effect induced a large repulsion force, thus promoting the breaker moving contact quickly action in opening and closing. In 1999, Japan Mitsubishi Corporation finally produced the mechanism. Currently many countries in the world have the corresponding development in the field of quick vacuum circuit breaker based on electromagnetic repulsion mechanism, especially in Japan, Germany and so on. They are using electromagnetic eddy current repulsion principle to design the quick circuit breaker at a series of voltage grade, and developed relative products by use of this principle.
Dong Enyuan, an associate professor in Dalian University of Technology, guides to develop the 10kV quick vacuum circuit breaker prototype using the spring-assisted sub-gate mechanism. The prototype of the system structure and control module is simple and the overall structure is compact. Wang Zijian and others of Huazhong University of Science and Technology, with the method of finite element analysis, set up for eddy current electromagnetic repulsion mechanism of transient mathematical model of two-dimensional finite element. The simulation, based on the mathematical model, discusses and analyses the parameters further that may affect the performance of the electromagnetic repulsion mechanism such as metal copper disk, closing coil disk structure and charging capacitance, so the influence of various parameters on the repulsive force of electromagnetic repulsion mechanism is concluded. Eventually, a prototype of 10kV quick vacuum circuit breaker was developed. The inherent opening time of it was 0.5ms and the full travel time was 1.96ms. However, the external circuit of the prototype had a high discharge capacitor voltage level and the external circuit was complex. And the reliability and efficiency of the electromagnetic repulsion mechanism requires further improvement [9] .
At present, common quick vacuum circuit breaker based on the principle of electromagnetic eddy current repulsion is shown in Fig. 1 , using the single closing coil and repulsion disk structure, which mainly includes the permanent magnet retention mechanism, two-way repulsion mechanism and vacuum interrupter. The repulsion driving device is mainly composed of an opening coil, a closing coil and a repulsion copper disk. In Fig. 1: 1. Vacuum interrupter: vacuum excellent insulation through the tube so that the circuit can quickly cut off the power supply and inhibit the current arc.
2. Static contact: a fixed contact that connects or disconnects a power line. 3. Moving contact: movable contact that connects or disconnects a power lines 4. Connecting rod: the whole connecting rod, used to move the moving contact action. 5.Fixed plate: used to fix opening and closing coil. 6. Opening coil: opening excitation coil, issued by the opening command to generate electricity and metal repulsion force down the repulsion.
7. Metal repulsion disk: metal copper disk, with the excitation coil to produce upward or downward repulsion, play a role in moving the moving contact.
8. Closing coil: closing excitation coil, issued a closing instruction when the power supply and metal repulsion plate upward repulsion.
9. Moving iron core: the active iron core, function with the magnet as the maintenance role. 10. Magnet: used to fix moving core. The working principle is that the electromagnetic repulsion works as the driving force by the permanent magnet magnetic circuit in the permanent magnet to provide retention force. Self-retention is accomplished by the use of a magnet and a moving iron core structure. After opening and closing, the magnet retains the moving core by means of a magnetic force so as to achieve the self-retaining effect. The basic operation process is that the thyristor controls the charged capacitor that discharges to the coil of the repulsion mechanism, so that the coil produces a transient magnetic field. Then copper disk induces eddy current to form a reverse magnetic field, resulting in repulsive force which drives the rod movement, and then the interrupter moving contact moves, so as to achieve the effect of circuit opening and closing.
Parameters affecting the performance of quick vacuum circuit breakers are usually rated contact distance, stroke, contact pressure, the average closing time, and contact closing bounce time [10] . Vacuum circuit breaker rated voltage level and breaking current determine the size of the rated contact distance, and 10kV and below the voltage usually has a level of the contact distance for the 4-8mm. Setting the appropriate stroke can make the contact still guarantee the corresponding contact pressure after being slightly worn ,which not only can effectively reduce the closing bounce, but also improve the speed of moving contact, reduce arcing time, and improve breaking capacity in the opening operation.
New Design of 10kV Quick Vacuum Circuit Breaker of Double Opening and Closing Coil
The short circuit current level increases when the power system circuit and equipment fail, which means the performance and reliability of the electrical equipment need to be further improved in power system. Once a major power grid fails, it may lead to large-scale and long power outages, which causes huge economic losses and threaten the social order and national stability. For example, the North America's most serious blackout on August 14, 2003 are comparable to the "911" in history, and 50 million people's work and life has been seriously affected by 29 hours of power outages, resulting in economic losses as much as 25 billion dollars every day. Therefore, research and development on high-performance and high reliability circuit breaker, an important power system protection and control equipment, becomes a top priority.
According to the relevant statistical data analysis, circuit breaker control mechanism failure of all circuit breakers accounted for 70% [3, 11] . Therefore, as the power system's biggest "safety hazard", the performance of the control mechanism will directly affect the security, reliability and stable operation of the entire power grid. As can be seen from the above, the shortcoming of the existing technology is that it will lead to opening and closing failure in the actual opening and closing process once the circuit breaker opening coil or closing coil fails, which also results in serious consequences and poor reliability. Therefore, this article has been improved. As is shown in Fig. 2 , the meaning of the symbols in the figure is similar to Fig. 1 . The basic principle of the new quick vacuum circuit breaker of double opening and closing coil is similar to the quick vacuum circuit breaker described above. However, unlike the conventional quick vacuum circuit breaker, the new type of vacuum circuit breaker has two sets of opening and closing coil and two repulsive disks, and two repulsive disks are connected with the same connecting rod. Each set of opening and closing coil has a separate charge capacitor circuit, so as to maximize the reliability. When a set of opening and closing coil failure or a group of charging capacitor circuit failure, resulting in one of the metal repulsion disk does not moving, the other set of opening and closing coil and metal repulsion disk will successfully cut off the current, thereby avoiding unnecessary losses and improving the reliability and stability of the circuit breaker.
The structural parameters of conventional 10kV quick vacuum circuit breakers are shown in Table 1 , and the structural parameters of quick vacuum circuit breaker of double opening and closing coil designed in this paper are the same as those of the conventional circuit breakers. Therefore, at the same voltage, opening and closing time requirements and reliability has also been improved. 
Conclusions
In this paper, the research status of the existing quick vacuum breaker at home and abroad is analyzed, and the problems such as low efficiency and reliability of the existing control mechanism are put forward. On this basis, a new type of 10kV quick vacuum circuit breaker of double opening and closing coil structure is proposed, which has two sets of closing coil and two metal repulsion disk, and two repulsion disks are connected with the same connecting rod. And each opening and closing coil has a separate charging capacitor circuit, which can maximize the reliability. When a set of opening and closing coil failure or a group of charging capacitor circuit failure, resulting in one of the metal repulsion disk does not moving, the other set of opening and closing coil and metal repulsion disk will successfully cut off the current, thereby the power can still provide the circuit breaker opening and closing as normal, avoiding unnecessary losses.
